It is now recognised that hypoplasia of the fetal lungs is the immediate cause of neonatal death in a number of malformation syndromes. These include all conditions with failure of fetal urine production or obstruction of urine output,1 aplasia or eventration of the diaphragm,2 thoracic abnormalities-such as congenital thoracic dystrophy and thanatophoric dwarfism3-and abnormalities of the central nervous system-including anencephaly, iniencephaly, and Meckel-Gruber syndrome.4 5 In addition, pulmonary hypoplasia may be seen in conditions arising after the embryonic period including prolonged rupture of the membranes,6 7 or severe hydramnios,8 and as a primary condition in otherwise normal infants.9
Many of the structural and functional features of hypoplastic fetal lungs remain poorly defined despite an increasing interest in the condition. Morphometric studies suggest that an important component in several forms ofpulmonary hypoplasia is reduction in the number of generations of bronchial branching.10'2 There is less agreement about other aspects of lung structure and development. It has been claimed that hypoplastic lungs occurring in conditions with reduced intrathoracic space show decrease in lung parenchyma and have closely packed normal bronchi, whereas those associated with renal agenesis may show generalised maturation arrest." Other studies on infants with renal agenesis or dysplasia have found the lungs to be structurally mature with normal surface properties,"1 14 or not to differ from those associated with other malformations.'5 The left and right lungs of infants with unilateral congenital diaphragmatic hernia have been found not to differ,15 to differ structurally,2 or to differ both structurally and biochemically.16 It has been claimed that all the differences between the hypoplastic lungs in different malformation syndromes are due to variation in the time at which lung growth became retarded."5
There is clearly a need to determine whether the different structural patterns of lung hypoplasia can indeed be explained on the basis of variation in timing of the growth arrest, or whether they reflect differences in the mechanism which interferes with lung growth in different circumstances. Resolution of this problem may well provide new information on the mechanisms controlling normal lung development.
We have attempted to answer this question by comparing quantitative biochemical criteria for lung growth and maturation with the histological appearances in a series of hypoplastic lungs associated with a variety of malformation syndromes. 606 
Materials and methods
Lungs were examined from 18 fetuses or newborn infants with uniform bilateral lung hypoplasia defined as described previously17 (lung/body weight ratio of .0 015 at <28 weeks' gestation, and lung/body weight ratio .0 012 at 28 weeks' gestation or more). Two The concentration of phosphorus in the lecithin fraction and in the total phospholipid extract of each lung was determined by the method of Bartlett.19 The palmitic acid content of the lung lecithin and of the total lung phospholipid was measured by gas-liquid chromatography. The (Fig. 3) . Control lungs at the same gestation showed a canalicular structure with early formation of blood-air barriers and extensive mesenchymal tissue between the branching acini (Fig. 4) .
At 25 weeks' gestation (Case 2) there was clear evidence of arrest both in growth and maturation (Fig. 5) . By this stage the lung was in a canalicular phase and the peripheral parts of the acinus were represented by narrow tubules lined by cuboidal epithelium. Patchy haemorrhage had occurred into the sparse interstitial tissue. Blood-air barriers were seen only in the centre of the acinus near the termination of the respiratory bronchioles. In contrast the normal lung at this period was in an early saccular phase of development with well developed blood-air barriers but plentiful persistent interstitial tissue (Fig. 6 ).
Lungs of 8 Although neither lung of the diaphragmatic hernia cases appeared entirely normal the left lung in each instance was recognisably less mature in structure than the right (Figs 11 and 12 ). Case 19 showed HMD affecting the left lung only.
Discussion
This prospective study of hypoplastic lungs has shown a clear sequence of changes in those cases associated with oligohydramnios. Impairment in quantitative growth in terms of total DNA may be apparent by 20 weeks' gestation and is accompanied at histological level by retarded development of epithelial and interstitial tissues. There is poor saccular branching and retarded epithelial maturation at the periphery of the acinus. This is associated with poor development of interstitial tissue and delayed vascularisation of the saccules to form blood-air barriers. Lung collapse is a uniform feature, despite mechanical ventilation for varied periods in life. Low lung phospholipid levels confirm the impairment in lung maturation.
The few examples of lung hypoplasia from conditions not associated with oligohydramnios show a variety of different features. The mature saccular wall structure and normal phospholipid content of lungs of cases with exomphalos differ totally from the findings in the oligohydramnios group despite reduction of lung cell population to a similar extent.
The fluid-filled poorly developed saccules of the hypoplastic lung in diaphragmatic hernia at term are also unlike the lungs of the oligohydramnios group. The coincidence of diaphragmatic hernia and prolonged amniotic fluid leakage was associated with unilateral HMD despite a normal L/S ratio in the amniotic fluid which leaked before delivery.
The clarity of our findings may appear to conflict with previous studies on the subject. Reale and Esterly'5 found no qualitative differences in the type of lung hypoplasia associated with renal anomalies, diaphragmatic hernia, and anencephaly. Their cases had been chosen according to the primary malformations rather than on the basis of lung hypoplasia, and lungs of a normal size were included in their study. Qualitative interpretation may have been influenced by the range of normal and hypoplastic lungs within each malformation group. Our studies have been limited to frankly hypoplastic lungs and we have been lucky to obtain specimens over a wide range of gestational ages. The low lung volume in hypoplastic lungs from cases of renal agenesis or severe renal cystic dysplasia recorded by Hislop et al.V is in agreement with our observation of impaired development of the periphery of the acinus in these cases. Hislop et al. considered that maturation of the acini was normal in their series although the terminal sacs were small. The process ofpreparing the lungs for morphometric measurements by injection of airways and vessels may well have obscured some of the qualitative differences in the peripheral parts of the acinus and a larger proportion of the cases studied may have been at the more mature end of the histological spectrum. Pressure volume measurements by these authors suggested presence of surfactant in all cases and alveolar stability in some. Our quantitative phospholipid measurements do not give a precise measurement of lung stability and it is likely that the central parts of the acini, which appear structurally mature, do have a stable lining layer in some cases. Hyaline membrane formation was seen in only 2 instances in our series. The pronounced difference in phospholipid level between the left and right lungs of the cases with diaphragmatic hernias is similar to the data for a larger series recorded by Blackburn et aL.16 Such findings provide good evidence that endocrine factors stimulating surfactant production can only operate if the respiratory epithelium has reached an appropriate stage ofdifferentiation.
We could detect no difference between the structural appearance of the lungs after rupture of the membranes dating from before 20 weeks' gestation in the presence of normal kidneys and that seen in cases of renal agenesis. The finding supports the view that the lung changes are due to oligohydramnios rather than to lack of some direct influence of the fetal kidney on the internal environment ofthe fetus.
It has been widely accepted that the mechanism of inhibition of fetal lung growth in oligohydramnios is by a process of fetal compression.' 20 21 As the thoracic cage is well developed and of normal form in such infants any lung compression in utero must be exerted by transmission of increased intraabdominal pressure through a raised diaphragm. The total collapse, narrow airways, and small terminal sacs in these lungs indicates that they have contained very little lung liquid. Recent experimental evidence indicates that normal fetal lung development requires both secretion of lung liquid and its retention within the airways. 22 We suggest that the impairment in lung growth and maturation of the fetal lung in oligohydramnios is due to loss of the ability to retain liquid within the fetal airways. Further investigation is needed to determine whether this lack of fluid retention is due purely to enhanced liquid outflow at the larynx by a simple pressure effect,20 or whether it involves inhibition of neuromuscular activity or lung liquid secretion in addition.
It seems possible to explain the varied forms of lung hypoplasia if we assume that any reduction in intrathoracic volume will impair fetal lung growth but only a total failure to retain lung liquid will retard maturation. On the basis of this hypothesis oligohydramnios of any cause results in lung hypoplasia with maturation arrest due to failure of lung liquid retention. Thoracic distortion associated with a fixed depressed diaphragm, as in exomphalos, allows liquid retention which enables the hypoplastic lungs to mature. Damage to the central nervous system bringing about impairment in fetal respiratory activity and fetal swallowing, but without positive lung deflationary pressures, will retard fetal lung growth but may have little effect on maturation.
Congenital left diaphragmatic hernia causes total collapse of the periphery of the left lung, and will retard its maturation, but it will generally only cause partial reduction in space of the right pleural cavity. Indeed the distortion of trachea and main bronchi in this condition may allow very variable quantities of lung liquid to be retained in the right lung and the larger airways of the left lung. Such distortion would account for normal maturation of the right lung of our Case 19 despite prolonged oligohydramnios.
If this analysis is correct we may expect to encounter cases where (1) renal agenesis combined with obstruction or distortion to upper airways is associated with normally grown mature lungs despite oligohydramnios, and (2) intrauterine damage of the central nervous system causing severe atrophy of the diaphragm is associated with arrest of lung growth and maturation despite a normal amniotic fluid volume. Further study of structure and biochemical composition of lungs from the varied forms of human fetal lung hypoplasia may thus allow us to support or refute the hypothesis, quite apart from any tests of it we may make using experimental models.
Our studies indicate that growth and maturation of the human fetal lung can be profoundly retarded by influences such as amniotic fluid leakage arising after the period of organogenesis. Since overt hypoplasia is merely the end point of a spectrum of changes, this vulnerability of the developing fetal lung may well prove to be one of the major factors determining perinatal mortality and morbidity. 
